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A novel processing method was employed to produce (SrxPbl-x)Ti03 ceramics for high voltage capacitors, based on
the computer simulation of a shell-core and two-phase mixed structural model proposed. Two different calcined powders,
each with a different Tc, were obtained by selecting two different values of x among 0.4 and 0.9 . The pOWders were
mixed at different weight percentages, ball-milled, spray-dried, pressed and sintered. The crystalline phases of the
ceramics were identified by XRD. STEM studies of the ceramics were also employed. The temperature dependencies of
the dielectric constant of the ceramic samples were measured. The following satisfactory dielectric properties were
reached: e20 C =2000, 020 C =0.003, a. =- 8 % (- 25 DC to + 85 DC ) and Eb =10 kv I mm ( DC). This processing
method has been applied in batch production, resulting in high quality ceramic capacitors.
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1. Introduction
One of the most important dielectric materials for
ceramic capacitors is BaTi03 polycrystalline [1], which
has a high dielectric constant (e), resulting in the
miniaturisation of ceramic capacitors. However, due to
ferroelectric - paraelectric transition, BaTi03-based
ceramic materials have the disadvantages of a high
dissipation factor (D) and a low electric withstanding
strength ( Eb).
With the development of high-performance colour TVs,
PC monitors and lasers, there is an increasing need for
better dielectric materials for high quality ceramic
capacitors, characterised by high e, low 0, high Eb and a
small temperature coefficient of the dielectric constant
( a.). SrTi03 - based ceramics is one of the best
materials with such electrical properties, provided that
the value of a. can be reduced significantly [2].
However, it is quite difficult to give concurrent
consideration to these properties in the selection of the
compositions of the ceramics for the conventional
process of manufacture of electro-ceramics.
This paper shows the results of the authors' studies to
optimise the electrical properties of (SrxPb1-x)Ti03
ceramics for high voltage capacitors. A novel processing
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procedure for ceramics has been introduced, based on
the results of computer simulation.
2. Computer Simulation
As pointed out, a major disadvantage in
(SrxPbl_x)Ti03 ceramics prepared by the conventional
process of manufacture of electro-ceramics is the large
value of a •. This increase in a. arises from ferroelectric -
paraelectric transition. The problem can be solved if the
value of a. can be maintained at the same value within
the temperature range used, for example, -25 DC to 85
DC . This can. be achieved when there are two or more
Curie points, Tc, in the e - T curve, by the addition of
other compositions with different values of Tc in the
basic composition.
A proposed shell-core and two-phase mixed structural
model and its simplified equivalent circuits, used in the
computer simulation of the ceramic materials [3], are
shown in Fig.1. The temperature dependencies of the
dielectric constants ( e-T) are shown in Fig.2, which are
the simulated results based on the experimental data of
two compositions with different values of Tc. It can be
see that a. can be minimised by suitably selecting the
structural parameters, such as the dimensions of the
shell and core, of ceramics with different values of Tc.
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3. Materials Processing
a
Ceramics with one value of Tc were prepared by the
conventional process of manufacture of electro-
ceramics. Commercially available raw chemicals of
SrC03, TiOz and Pb304 were used, which were mixed,
ball-milled and calcined at 1100 °c for 2 h, resulting in
a calcined powder with a particular value of Tc. The
cracked powders were then mixed with several additives,
ball-milled and spray-dried. The pressed disks were
sintered at 1250 °c for 1 h. The sintered ceramics were
characterised by XRD and STEM. Ceramic capacitors
were obtained by painting with silver paste onto two
opposite surfaces of the ceramic disk and firing at 700
°c to produce electrodes.
b
Ceramics with two diferent values of Tc were produced
by a novel processing method. Commercially available
chemicals were also employed. Two kinds of
compositions with x values of 0.5 and 0.8 were milled
and calcined respectively, resulting in two kinds of
calcined powders with different values of Tc. They were
then mixed together using a particular weight percentage
and with the addition of several additives, including MnOz
and SiOz. They were ball-milled, spray-dried, pressed
and sintered in a similar way to the conventional process.
4. Results and Discussion
Fig.1 Showing: (a) the proposed shell-core and
two-phase mixed structural model; and
(b) its simplified equivalent circuits.
4.1 Electrical Properties
The temperature dependencies of the dielectric
constant of the ceramics are presented in Fig.3.
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Fig.2 The temperature dependencies of the dielectric
constant of the ceramics by computer simulation.
Fig.3 The temperature dependencies of the dielectric
constant of the ceramics by experiment.
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samples with only one, different, value of Tc processed
by the conventional method. Curves B, C and D
correspond to three ceramic samples, displaying two Tc
peaks. They were mixed with different weight
percentages of the two calcined powders with x values of
0.5 and 0.8, Le., sample B, C and D consisted of 75
wt%, 50 wt% and 25 wt% of the calcined powder with x
value of 0.5 respectively, Sample C shows a smooth
&-T relationship, which was optimised for both chemical
composition and processing parameters, this curve
exhibiting the satisfactory dielectric properties of: e =
2000, D =0.003, CXE =-8% ( -25°C to 85°C) and Eb =10
KV / mm (DC).
4.2 X-Ray Diffraction
Fig. 4 shows X-ray diffraction spectra of the ceramics
with one value of Tc (sample A) and two values of Tc
(sample C), respectively. The peaks are rather low, but
are broadened, for the ceramics with two values of Tc,
which may be due to an inhomogeneously distributed
chemical composition, as will be demonstrated by the
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Fig.5 The relative contents of elements vs. sampling
points of the ceramics with: (a) one value of Tc
(sample A); and (b) two values of Tc (sample C).
a
The analytical results obtained using STEM ( Scanning
Transmission Electron Microscope) equipped with EDAX
is shown in Fig.5, whilst Fig.6 corresponding the
samping points. It can be seen that the relative contents
of elements change in the different sampling points,
especially for the ceramics with two values of Tc near to
the grain boundaries. These results show that there is an
inhomogeneously distributed chemical composition in the
ceramics.
4.3 Electron Microscopy
Fig.6 Micrographs of the ceramics with sampling
points indicated: (a) with one value of Tc and





Fig.4 The X-ray diffraction spectra of the ceramics:
(a) with one value of Tc (sample A); and
(b) with two values of Tc (sample C).
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5. Concluding Remarks References
The present studies show that (SrxPb1_x)Ti03 ceramics
with excellent dielectric properties can be obtained by
using the new processing method, which has been
applied in batch production, resulting in high quality
ceramic capacitors. This may be an effective way to
optimise materials properties, not only by controlling
chemical compositions but also by improving the
processing method employed with the aid of computer
simulation.
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